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(57) ABSTRACT

A method and a device for controlling a fuel-operated internal
combustion engine of a motor vehicle having a tank venting
system associated with a fuel tank and having at least two
operating states, in which the internal combustion engine is
shut off automatically according to a shut-off strategy. The
shut-off strategy takes into account the instantaneous operat-
ing state of the tank venting system.
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1
METHOD AND DEVICE FOR CONTROLLING
AN INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is directed to a method and a device
for controlling a fuel-operated internal combustion engine of
a motor vehicle.

2. Description of Related Art

A fuel tank is normally present in motor vehicles for stor-
ing the fuel. The fuel tank is equipped with a tank venting
system. The tank venting system is used for sealing the tank to
prevent fuel or fuel vapors from escaping from the tank in an
uncontrolled manner. With the help of a controllable tank
venting system, a tank venting valve may be opened and the
pressure may be modified in a controlled manner.

U.S.Pat.No. 5,371,412 describes a hybrid vehicle in which
an internal combustion engine is started or shut off as a
function of the load of the active carbon filter in the tank
venting system.

SUMMARY OF THE INVENTION

The present invention is directed to a method and a device
for controlling a fuel-operated internal combustion engine of
a motor vehicle. A tank venting system associated with the
fuel tank is provided in the motor vehicle; it has at least two
operating states. Furthermore, the internal combustion engine
is automatically shut off according to a shut-off strategy as it
is controlled.

The core of the present invention is that the shut-off strat-
egy takes into account the instantaneous operating state of the
tank venting system, and means are provided with the help of
which the shut-off strategy takes into account the instanta-
neous operating state of the tank venting system.

The present invention has the advantage that after the inter-
nal combustion engine is shut off as determined by the shut-
off strategy, a reliable start operation of the internal combus-
tion engine is ensured. In particular, in known hybrid
vehicles, which, in addition to an internal combustion engine
also have an electric motor for propulsion, or in so-called
start/stop controls of the internal combustion engine, the
internal combustion engine is shut off as intended, during the
operation of the vehicle. This takes place, for example, in
idling of the internal combustion engine, while the vehicle is
at a traffic light in a waiting phase. The present invention
ensures a reliable restart of the internal combustion engine
after such a shut-off. This has the following technical back-
ground:

In restarting the internal combustion engine, the tank vent-
ing valve is normally first closed before a normal tank venting
phase starts. However, if the valve cannot be closed, the
internal combustion engine sometimes cannot be restarted
because the unclosed valve results in a high concentration of
fuel vapors in the intake area of the internal combustion
engine. The hydrocarbon load of the active carbon filter flows
unimpeded to the internal combustion engine in this case. If
this concentration exceeds a threshold value, the internal
combustion engine may no longer be started, since the fuel/air
mixture is too rich.

This is critical in particular in hybrid vehicles or in vehicles
having a start/stop control of the internal combustion engine
because in that case a start operation at a traffic light or rapidly
driving off at a crossing may not be accomplished or may only
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be accomplished to a limited extent. The present invention
thus contributes to a reliable operation of the motor vehicle
overall.

The measures recited in the dependent claims make advan-
tageous improvements on and refinements of the device
described in the independent claim possible.

In one advantageous embodiment of the present invention,
it is provided that at least one first state of the operating states
represents a regular state of the tank venting system and at
least one second state represents a defective state of the tank
venting system. A regular state of the tank venting system
may be present when a controller is capable of opening and
closing the tank venting valve as desired. A defective state of
the tank venting system may be present when a desired open-
ing and closing of the tank venting valve is not possible. The
shut-off strategy may ensure the reliable operation of the
vehicle as a function of the instantaneous operating state.

In one further advantageous embodiment of the present
invention it is provided that the tank venting system has at
least one tank venting valve and/or one controller of the tank
venting valve. In order to ensure reliable operation and rapid
troubleshooting, it is convenient to consider the tank venting
system as a system made up of a plurality of components. An
extension of the monitoring function to individual compo-
nents of the system makes it possible to adapt the shut-off
strategy more specifically to the different operating states of
the tank venting system.

In one further advantageous embodiment of the present
invention it is provided that the shut-off strategy takes into
account operating states and/or driving states of the motor
vehicle. Thus, for example, a charging state of a battery may
represent an operating state of a hybrid vehicle. At a low
charging state of the battery, the shut-off strategy of the inter-
nal combustion engine should be implemented much more
restrictively than at a higher charging state. In contrast, a
driving state might represent the operation of the vehicle in
idling, the overrun operation, or the stopped phase of a vehicle
having automatic start/stop. In these driving states, the inter-
nal combustion engine may be shut off as long as no other
systems require further operation.

In one further advantageous embodiment of the present
invention it is provided that, in the case of a tank venting
system recognized as defective, the shut-off strategy does not
shut off the internal combustion engine or shuts it off with a
delay. As mentioned previously, the start response of an inter-
nal combustion engine may be negatively affected as a result
of a defective tank venting valve. Therefore, if a defective
tank venting valve is recognized, the internal combustion
engine is no longer shut off or is shut oft much more restric-
tively in order to ensure reliable operation.

In one further particularly advantageous embodiment of
the present invention it is provided that the tank venting
system is recognized as defective at least when the tank vent-
ing valve cannot be closed and/or its control does not allow
the valve to be closed. This may result, as described previ-
ously, in a high concentration of fuel vapors in the intake area
of'the internal combustion engine and thus in start problems.

In one further advantageous embodiment of the present
invention it is provided that, for determining the operating
state of the tank venting system, a response of an engine
controlleris used, in particular a result of a tank leak diagnosis
and/or a result of the idling control and/or lambda control by
opening the tank venting valve. With the aid of these diag-
nostic options, a tank venting valve that is no longer able to
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close may be reliably recognized. The shut-off strategy may
thus be reasonably adapted as needed.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 shows a device for controlling an internal combus-
tion engine.

FIG. 2 shows a method for controlling an internal combus-
tion engine.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a device for controlling an internal combus-
tion engine. An internal combustion engine (102) is con-
trolled using means (101). A fuel tank (103), which is
equipped with a tank venting system (104), is associated with
the internal combustion engine. The tank venting system
(104) has the tank venting valve (105) and the controller (106)
for the tank venting valve (105). The operating state of the
tank venting system is transmitted to the means (101) as an
input variable.

FIG. 2 shows a method for controlling an internal combus-
tion engine.

Block (200) identifies the start of the method; block (211)
identifies the end of the method. The operating state of the
tank venting system is diagnosed in block (209).

As mentioned previously, a tank leak diagnosis may be
performed and evaluated for determining the operating state
of'the tank venting system. However, the operating state of the
tank venting system may also be inferred from the control
response of the idling control or lambda control after the tank
venting valve is opened.

The instantaneous operating state of the tank venting sys-
tem is input in block (201). Query (202) checks whether the
instantaneous operating state of the tank venting system is
correct (204) or defective (205). A correct state of the tank
venting system may be present when a controller is capable of
opening and closing the tank venting valve as desired. A
defective state of the tank venting system may be present
when a desired opening and closing of the tank venting valve
is not possible. Thus, a jammed valve may no longer be
controlled as desired. It may jam in the closed state, in which
case controlled venting of the tank is no longer possible.
However, it may also jam in a partially to fully opened state.
In this case fuel vapors escape from the tank in an uncon-
trolled manner. The environment is thus polluted and the
capability of the internal combustion engine to function and
to start is sometimes impaired or even impeded.

The output signal of the query block (202) is the input
signal of the shut-off strategy (203). Depending on the oper-
ating state, a normal shut-off strategy (208) or a modified
shut-off strategy (207) is carried out.

The normal shut-off strategy shuts off the internal combus-
tion engine according to a shut-off command, for example, on
the basis of the idling mode of the internal combustion engine.
In the modified shut-off strategy, the internal combustion
engine is further operated initially or for an extended period if
it is also recognized in the query block that the tank venting
system operates erroneously, and restart after shutting off the
internal combustion engine may not be ensured.

Further input variables of shut-off strategy (207) include
operating states (206) and driving states (210) of the vehicle.
As mentioned previously, this is, for example, a charging state
of a battery of a hybrid vehicle or the idling operation, the
overrun operation, or the stop phase of a vehicle having
automatic start/stop.
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The above steps may be cyclically repeated and processed.

What is claimed is:

1. A method for controlling a fuel-operated internal com-
bustion engine of a motor vehicle, comprising:

a tank venting system associated with a fuel tank and
having atleast two operating states, in which the internal
combustion engine is shut off automatically according
to a shut-off strategy,

wherein the shut-off strategy takes into account the instan-
taneous operating state of the tank venting system,

wherein at least one first state of the operating states rep-
resents a correct state of the tank venting system and at
least one second state represents a defective state of the
tank venting system;

wherein the shut-off strategy is configured in such a way
that in the case of a tank venting system recognized as
defective, the internal combustion engine is not shut off
or is shut off with a delay; and

wherein the tank venting system is recognized as defective
at least when the tank venting valve cannot be closed
and/or its controller does not allow the valve to be
closed.

2. The method as recited in claim 1, wherein the tank
venting system has at least one tank venting valve or one
controller of the tank venting valve.

3. The method as recited in claim 1, wherein the shut-off
strategy takes into account at least one of the operating states
and driving states of the motor vehicle, and wherein:

the operating state is represented by a charging state of at
least one electric energy storage device, or

the driving state is represented at least by the vehicle being
in a mode in which the internal combustion engine is
shut off at least from time to time.

4. The method as recited in claim 2, wherein the shut-off
strategy takes into account at least one of the operating states
and driving states of the motor vehicle, and wherein:

the operating state is represented by a charging state of at
least one electric energy storage device, or

the driving state is represented at least by the vehicle being
in a mode in which the internal combustion engine is
shut off at least from time to time.

5. The method as recited in claim 1, wherein the operating
state of the tank venting system is determined from a response
of an engine controller selected from the group consisting of
aresult of a tank leak diagnosis, a result of a certain response
of'the idling control and lambda control by opening the tank
venting valve.

6. The method as recited in claim 2, wherein the operating
state of the tank venting system is determined from a response
of an engine controller selected from the group consisting of
aresult of a tank leak diagnosis, a result of a certain response
of'the idling control and lambda control by opening the tank
venting valve.

7. The method as recited in claim 1, wherein:

when the instantaneous operating state of the tank venting
system represents an error-free state, the shut-off strat-
egy is configured in such a way that during idling or
during overrun operation the internal combustion engine
is shut off according to predefinable conditions, and

when the instantaneous operating state of the tank venting
system represents a defective state, the shut-off strategy
is configured in such a way that during idling or during
overrun operation, the internal combustion engine is not
shut off or is shut off with a delay according to predefin-
able conditions.

8. A device for controlling a fuel-operated internal com-

bustion engine of a motor vehicle, comprising:
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a tank venting system associated with a fuel tank and
having at least two operating states, and means for shut-
ting off the internal combustion engine automatically
according to a shut-off strategy,

wherein the means for shutting off are configured in sucha 5
way that the shut-off strategy takes into account the
instantaneous operating state of the tank venting system,

wherein at least one first state of the operating states rep-
resents a correct state of the tank venting system and at
least one second state represents a defective state of the 10
tank venting system;

wherein the shut-off strategy is configured in such a way
that in the case of a tank venting system recognized as
defective, the internal combustion engine is not shut off
or is shut off with a delay; and 15

wherein the tank venting system is recognized as defective
at least when the tank venting valve cannot be closed
and/or its controller does not allow the valve to be
closed.
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